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RÉSUMÉ.— Les Odonates de l’hydrosystème du Mazafran : distribution et structure de communauté.— L’un 
des objectifs de notre étude est d’acquérir une meilleure connaissance sur les Odonates du réseau hydrographique 
du Mazafran, situé au centre-nord de l’Algérie. Cette région, jusqu’à présent inexplorée du point de vue 
odonatologique, se caractérise par un climat méditerranéen subhumide avec une période sèche qui s’étale sur six 
mois environ, de mai à la fin d’octobre. La prospection de 19 stations réparties dans le réseau hydrographique du 
Mazafran, sur une durée de 24 mois consécutifs (d’avril 2013 à mars 2015) nous a permis de recenser 948 
Odonates adultes appartenant à 15 espèces. Calopteryx haemorrhoidalis (33,1 %) et Platycnemis subdilatata 
(20,5 %) sont les plus abondantes et les plus fréquentes d’entre elles. Les résultats révèlent la présence d’Ischnura 
pumilio, qui, actuellement, n’est plus connu en Algérie que de la Numidie (nord-est du pays) et est rare au 
Maghreb. Les caractéristiques physicochimiques et climatiques des oueds qui composent le réseau hydrographique 
du Mazafran, ainsi que l’irrégularité des écoulements qui conduisent, notamment, à l’augmentation de la 
température des eaux en été, ont un impact considérable sur les stations localisées en basse altitude. Combiné aux 
rejets d’eaux usées urbaines, aux effluents industriels, à la destruction des lits, aux pompages anarchiques de l’eau 
à des fins agricoles et à la réduction du couvert végétal dont les Odonates sont fortement dépendants, la 
destruction des habitats, par l’altération de ses composantes (biotiques et abiotiques) s’avère certaine. 
SUMMARY.— One of the objectives of our study is to increase our knowledge of the Odonata in the Mazafran 
hydrosystem, located in the centre of northern Algeria. This unexplored region in terms of Odonatology, is 
characterized by its sub-humid Mediterranean climate, and a dry period spread over six months, from May to the 
end of October. The prospection of 19 sites distributed along the Mazafran hydrographic system during 24 
months, from April 2013 to March 2015, allowed us to identify 948 adults involving 15 species. Calopteryx 
haemorrhoidalis (33.1 %) and Platycnemis subdilatata (20.5 %) were the most abundant and frequent species. The 
results revealed the presence of Ischnura pumilio, which is currently relatively rare in the overall Maghreb. Both 
the physicochemical and climatic characteristics of the various wadi influenced the Mazafran hydrographic 
system. The seasonal change of flow rate led to a dramatic increase in water temperature and had a considerable 
impact on sites located at low elevation. Cumulative effects of urban and industrial effluents, river bed 
degradation, illegal pumping of water for agricultural purpose and reduction of riparian canopy influence the 
Odonata community and lead to a decrease of species richness and diversity. We urge decision-makers to take 
urgent steps for the restoration of the natural state and functioning of wadi systems throughout Algeria before their 
irreversible destruction.  
________________________________________________ 
The Odonata constitute a well-known and very old group of insects, dating from the Lower 
Permian. Their direct ancestors (Protodonata) are even known since the Carboniferous (Corbet 
1999; Grand & Boudot, 2006). These insects spend their larval life in aquatic habitats and use a 
wide range of terrestrial habitats as adults.  
Over the last decades, numerous studies of North African odonates have appeared, among 
which the most recent are those of Dumont (2007), Boudot (2008) and Boudot & De Knijf (2012) 
in Morocco, Jödicke et al. (2000) in Tunisia. Jödicke et al. (2004) gave an overview of their 
conservation status covering both North Africa and the Arabian Peninsula. Useful updated 
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distribution maps of European Odonata species like the recent Atlas of the European dragonflies 
and damselflies (Boudot & Kalkman, 2015) may also be useful. 
Although in Algeria, the first data on the odonates date back to XIXth century with studies of 
Selys-Longchamps (1849, 1865, 1866, 1871, 1902), Kolbe (1885), McLachlan (1897), Morton 
(1905), Le Roi (1915) the odonatological studies, especially in the north-eastern part of the 
country, peaked with Samraoui et al. (1998), Samraoui & Menai (1999), Samraoui & Corbet 
(2000a, 2000b), Samraoui et al. (2002, 2003, 2010), and Samraoui (2009), which attributed to 
Algeria the leading role in North Africa in terms of specific richness, with 64 Odonata, over a total 
of 92 known in North Africa and of 165 in the overall Mediterranean region, followed by Morocco 
63 species and 55 species for Tunisia Boudot (2010). Since 2010, the discovery of Orthetrum 
sabina and Onychogomphus boudoti in Morocco (Mediani et al., 2014; Ferreira et al., 2014), has 
brought Morocco to the first place with 65 species. 
Odonata are sensitive to environmental changes such as urbanization, water and air 
temperature, pollutant concentrations in water, pH and alcalinity, and dissolved oxygen (Corbet, 
1999, Remsburg et al., 2008, Remsburg &Turner 2009). They react quickly to changes in these 
parameters making them highly vulnerable (Butler & Demaynadier, 2008; Oertli, 2008; Riservato 
et al., 2009). Therefore, they represent an interesting group to assess the health of habitats and of 
their biodiversity (Moore, 1997; Ferreras-Romero et al., 2009). 
This study is the first systematic odonatological exploration of the Mazafran hydrographic 
system. Previous research, not comprehensive, has been occasionally conducted on a few localities 
of this area, including those of Kolbe (1885) between Blida and Médea, Selys-Longchamps (1849) 
around Algiers, Morton (1905) in Hammam Righa, Lacroix (1925) around Algiers and Samraoui 
at the Mazafran wadi (Boudot et al. 2009). Our study provides a list of Odonata species present at 
the Mazafran hydrographic System, the structure of the Odonata community, as well as the 
environmental alterations of the sites where these species were recorded. 
MATERIALS AND METHODS 
STUDY AREA 
The Mazafran hydrographic system (Fig.1) is located in the centre of the Mitidja plain. Occupying an area greater 
than 1912 km2, the Mazafran basin is the largest sub-basin of the Algerois. It is constituted mainly of wadi such as Atteli, 
Chiffa, Djer and Bou Roumi, that come from the mountains of Blida Atlas, running first in a South-North direction to join 
and form the wadi Mazafran in the hills of the Sahel, 12 km as the crow flies from the town of Douaouda. Wadi Mazafran 
continues its course to empty into the Mediterranean Sea at 36° 41’54” N, 2°48’08” E between the cities of Douaouda and 
Zeralda. This basin is characterized by a sub-humid temperate climate in winter, with average temperatures ranging from 
7°C in winter to 30°C in summer. The rainy period is spread from November to April, with an annual average rainfall of 
687 mm. 
ODONATA SAMPLING 
The sampling was carried out during 24 months, from April 2013 to March 2015. Nineteen sites were studied with an 
altitude ranging from 1 to 550 m (Tabs I & II). 
At each site, a sampling section of 100 m long was delimited and habitats likely to harbour adults (sunny and 
sheltered area close to water, herbaceous and woody vegetation, etc.) were prospected thoroughly during 20 minutes. 
The capture was performed by using a butterfly net, consisting of a handle 1.5 m long with a metallic circle of 60 cm 
of diameter, attached to a pocket of green fabric 70 cm long. The collected specimens were stored in separate containers 
each carrying a label until their final identification. Subsequently, adults were immersed in acetone at 90° for an hour, and 
then dried for 48 hours. We kept samples in envelopes on which the date and place of sampling and species name are 
mentioned. 
ENVIRONMENTAL VARIABLES 
For each site, the physicochemical parameters (pH, water and air temperature, electrical conductivity and dissolved 
oxygen) were performed in situ, using a field analyser WTW 340i. Current speed was measured using a floater. Water 
samples were collected for nutrient analysis in the laboratory. 
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Fig. 1.— Study area and location of the 19 sites in the Mazafran’ hydrosystem. 
DATA ANALYSIS 
The community structure of Odonates has been evaluated using specific richness (R), diversity (H’ of Shannon-
Weaver) and equitability (E). 
To highlight the affinity/differences between the sampled sites, a hierarchical cluster analysis (HCA) was applied to a 
“species” matrix based on presence-absence. We then associated the environmental parameters to the HCA groups to 
highlight variables which might influence the distribution of Odonata in the hydrographic system. The results were 
submitted to the tests of Shapiro-Wilk (normality), Kruskal-Wallis (significance), and Levene (homogeneity of variance). 
In order to identify the interactions between species and their environment and to highlight the key parameters influencing 
the spatial distribution of the Odonatofauna, a Canonical Correspondence Analysis (CCA) was applied to the data 
“environmental variables/species”. The “species” matrix is formed of coded abundances classes and the matrix 
“environmental variables” is based on environmental abiotic descriptors. Non-normally distributed variables have 
undergone an appropriate transformation (transformation of Hillenger), then all the explanatory variables were standardized 
(average=0, gap-type=1). A Mantel test was performed (Spearman method). All data analyses were carried out in R (R 
Development Core Team 2015). 
RESULTS 
ENVIRONMENTAL VARIABLES 
The dissolved oxygen concentration (Tabs I & II) generally varies between 5 and 9 mg/l for 
most sites, except M2, which, owing to its location at the mouth of the hydrosystem, receives all 
the load of the various tributaries. The water temperature was low in winter, ranging from 4°C at 
the highest altitude (A1) to 13°C at the lowest elevation (M2), and higher in summer (21°C at A1 
to 27°C at M2). A high temperature variation is observed for both high and low altitude sites. 
Aquatic vegetation was average for most sites, dense at D4, and consisted of filamentous algae, as 
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a result of discharges of urban wastewater (wadi Djer), and fertilizers loads from nearby 
farmlands. Concentrations of nitrogen and phosphate components were relatively high at sites 
located downstream of human settlements. These elements indicated a strong eutrophication of 
aquatic environments. These sites received all the pollution loads of urban wastewater and of 
fertilizers used in the agricultural lands because the hydrographic system covers the Mitidja plain 
(Hadjoudj et al., 2014). 
 
TABLE I 
Spatiotemporal variation of environmental parameters along Mazafran’s Eastern watershed 
 
Site Code 
Latitude 
North 
Longitude 
East 
Altitude TA (°C) TE (°C) O2 mg/l pH 
Cod 
(mS/cm) 
NH4 mg/l NO3 mg/l PO4 mg/l VC (m/s) RIP VGA POL 
Médéa A1 36°17'50,14" 2°47'3,82" 550 5-32 4-21 6,1-6,6 6,4-8 1281-1679 0.05-6.1 3,8-34,1 0,4-0,9 0,1-1,2 3 2 1 
Oued Atteli A2 36°18'54,88" 2°46'24,38" 454 6-34 5-20 5,2-8 6,9-7,7 937-1231 0-0,6 2,9-39,5 0,2-0,5 0,4-1,2 3 2 1 
Mouzaïa Amont Z1 36°19'31,13" 2°43'25,26" 520 4-32 9-17 5,1-5,7 6,6-7,8 554-789 0,3-1,5 1,6-39,3 0,6-1,2 0,3-0,6 3 3 0 
Mouzaïa Aval Z2 36°20'03,18" 2°45'46,95" 500 7-38 8-22 5,4-8,] 6,8-7,9 540-734 0,02-0,2 5,8-8,9 0,1-0,2 0,4-0,8 3 2 0 
Oued Chiffa A C1 36°20'37,2" 2°46'08,10" 430 7-42 9-23 5,6-9,8 6,7-7,7 854-1292 0,3-0,8 0,1-29,5 0,2-0,6 0,3-1,1 2 1 0 
Oued Sidi El Kebir E 36°20'50,5'' 2°46'01,89'' 365 7-42 9-25  5,4-8,2 6,3-7,8 790-910 0,01-0,6 0,2-38,1 0,2-2,0 0,4-1 2 1 0 
Oued Chiffa B F 36°20'49,2'' 2°46'04,00'' 374 7-42 9-23 5,6-9,8 6,7-7,7 854-1292 0,02-0,8 9,3-29,5 0,3-0,6 0,3-1,1 2 2 0 
Hamdania Amont C2 36°25'36,14" 2°46'08,10" 313 8-42 9-25 5,4-8,2 6,3-7,8 790-910 0,08-0,6 5,7-38,1 0,4-2 0,4-1 2 2 0 
Hamdania Aval C3 36°27'11,26" 2°45'22,35" 202 9-43 12-24 5,4-7,8 5,5-7,8 508-576 0,02-0,4 1,3-28,5 0,2-0,6 0,4-0,8 2 2 1 
Chiffa Ville C4 36°27'11,26" 2°45'17,22" 14 10-43 13-27 2,3-4,4 6-5,2 514-527 0,7-1,2 0,5-40,4 0,7-1,4 0,2-0,6 0 2 1 
Aquatic and Riverine vegetation: 0 = Absence; 1 = Low; 2 = Medium; 3 = Dense; Pollution: 0 = Absence; 1 = Presence. TA: Air temperature, TE: Water 
temperature, O2: Dissolved oxygen, Cod: Conductivity, NH4: Ammoniacal nitrogen concentration, PO4: phosphate, NO3: nitrate, VC: Velocity, RIP: Ripisylve, 
VGA: Aquatic vegetation, POL: Pollution. 
 
 
TABLE I 
Spatiotemporal variation of environmental parameters along Mazafran’s Western watershed 
 
Site Code 
Latitude 
North 
Longitude 
East 
Altitude 
TA 
(°C) 
TE 
(°C) 
O2 
mg/l 
pH 
Cod 
(mS/cm) 
NH4 mg/l NO3 mg/l 
PO4 
mg/l 
VC 
(m/s) 
RIP VGA POL 
Hammam Righa D1 36°21'56,36" 2°21'57,79" 375 3-34 10-24 7-7,6 5,7-8,7 1250-1391 0,1-0,3 12,4-39] 1,2-2,6 0,3-1 1 2 1 
Ain Benian D2 36°22'00,85" 2°24'04,59" 348 3-33 8-25 3-8,6 7,3-8,5 1383-1660 1,1-2,8 1,1-41,1 0,9-1,7 0,3-1,4 2 2 1 
Oued Djer upstreamt D3 36°22'04,27" 2°27'16,52" 285 4-34 5-18 5,4-7,5 7,2-8,6 806-929 0-0,5 0,1-22,5 0,1-0,2 0,1-0,7 2 2 0 
Oued Djer downstream D4 36°25'30,48" 2°33'51,06" 180 6-34 5-18 5,2-7,1 7,4-8,7 950-1104 0-0,3 0,4-39,9 0,2-0,3 0,1-1,2 0 2 0 
Attatba D5 36°34'08,43" 2°40'44,56" 25 9-36 7-20 5,4-7,8 6,5-8,7 931-1189 0-2,5 3,6-37,2 0,2-2,2 0,2-1 0 2 1 
Oued Bou Roumi upstream B1 36°28'28,79" 2°39'04,20" 127 10-36 9-25 5,4-7,2 5,3-8,7 1170-1480 0-0,2 5,3-49,8 0,31-0,5 0,2-0,8 1 3 1 
Oued Bou Roumi downstream B2 36°34'08,43" 2°40'44,56" 99 11-36 13-24 4,4-4,3 6,9-8,4 1773-2400 3-0,2 0,2-50,3 1,2-3,2 0-0,1 0 2 1 
Oued Mazafran M1 36°37'17,05" 2°46'53,96" 71 12-38 15-25 2,2-5,8 6,7-8,5 920-1065 0,7-2 1-40,9 3,9-7,8 0-0,2 0 0 1 
Oued Mazafran mouth M2 36°41'48,81" 2°48'08,02" 1 13-38 15-27 1,4-1,3 6,7-8,3 1369-1410 0,6-3,6 0,2-25,2 1,2-3,2 0-0,1 1 0 1 
Aquatic and Riverine vegetation: 0 = Absence; 1 = Low; 2 = Medium; 3 = Dense; Pollution: 0 = Absence; 1 = Presence. TA: Air temperature, TE: Water 
temperature, O2: Dissolved oxygen, Cod: Conductivity, NH4: Ammoniacal nitrogen concentration, PO4: phosphate, NO3: nitrate, VC: Velocity, RIP: Ripisylve, 
VGA: Aquatic vegetation, POL: Pollution. 
 
 
ODONATA SPECIES RECORDED 
No change of status according to IUCN Red List Category (Northern Africa) is proposed for 
the recorded species: they are all LC. 
 
ZYGOPTERA 
CALOPTERYGIDAE 
Calopteryx haemorrhoidalis (Vander Linden, 1825) 
Records: A1, A2, Z1, Z2, C1, E, F, C2, C3, D1, D2, B1. 
This species is very abundant and shows a wide distribution with a long flight period (from late March 
to early December). It has been cited by Kolbe (1885) between Blida and Médéa, as well as at Hammam 
Righa by Ris (1909-1913). It favours well oxygenated water (Schutte & Schrimpf, 2002). 
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LESTIDAE 
Chalcolestes viridis (Vander Linden,1825) 
Localities: A1, A2, Z1, Z2, C1, E, F, C2, D1, D2, B1. 
Little abundant species with a wide distribution. It has been cited by Kolbe (1885), between Blida and 
Médéa. It was collected between August and October but its flight period extends from April to early 
December (Samraoui, 2009). 
PLATYCNEMIDAE 
Platycnemis subdilatata Selys, 1849 
Localities: A1, A2, Z1, Z2, C1, E, F, C2, D1, D2, D3, B1, B2. 
Very abundant species with a wide distribution. This species has been cited in the work of Kolbe 
(1885), between Blida and Médéa. It is a Maghreban endemic (Samraoui et al., 2010). Its flight period 
extends from April to October (Samraoui & Menaï, 1999) but was captured between April to early December. 
COENAGRIONIDAE 
Coenagrion caerulescens (Fonscolombe, 1838) 
Localities: Z1, Z2, C1, E. 
This West-Mediterranean endemic shows little abundance and a restricted distribution. It is confined to 
the highest localities preserved from anthropogenic impacts. Its flight period spread from June to August 
(Samraoui & Menaï, 1999). In this study, it was captured between May and July. 
Erythromma lindenii (Selys, 1840) 
Localities: Z1, Z2, F, C2, D1, D4, B1. 
Little abundant species with medium distribution. Collected in May and June. It is an established 
species in the Maghreb with a flight period extending from March to October (Boudot, 2008). 
Ischnura pumilio (Charpentier, 1825) 
Localities: Z1, Z2, D1. 
Very low abundance and restricted distribution. Collected from May to June. Like Coenagrion 
caerulescens, its localities are located in headwater sections of the local hydrosystems, where anthropogenic 
activity is almost absent. Its flight period extends from August to October (Samraoui & Corbet, 2000a). 
ANISOPTERA 
GOMPHIDAE 
Onychogomphus forcipatus unguiculatus (Vander Linden, 1820) 
Localities: C3, D1, D3, M1. 
Scarce species with a restricted distribution, collected in May and June. The species has been cited by 
Kolbe (1885), between Blida and Médéa. Its flight period is mostly in June (Samraoui & Menaï, 1999) but 
our records began in May. 
AESHNIDAE 
Anax imperator Leach, 1815 
Localities: Z1, Z2, C1, E, F, D1, D2, D4, D5, B1, B2, M1, M2. 
Moderately abundant species with a wide distribution, it has been collected from April to August. This 
species was found between Blida and Médéa by Kolbe (1885), and McLachlan (1897). Its flight period 
extends from March to December (Samraoui & Menaï, 1999). 
LIBELLULIDAE 
Orthetrum cancellatum (Linnaeus 1758)  
Localities: Z1, Z2, C1, F, D1, D4, D5, B1, B2, M1, M2. 
Moderately abundant species with a wide distribution. Present from June to August. Its flight period 
extends from April to August (Samraoui & Menaï, 1999). 
Orthetrum chrysostigma (Burmeister 1839)  
Localities: Z2, C3, D4, B1, B2, M1, M2. 
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Low abundance, and wide distribution, present from April to December. Its flight period is spread from 
April to November (Samraoui & Menaï, 1999). This is certainly one of the most frequent dragonfly met on 
running waters in the Maghreb (Boudot, 2008). 
Orthetrum coerulescens anceps (Schneider, 1845)  
Localities: Z1, Z2. 
Very low abundance and restricted distribution. Located at high altitude from June to August (wadi 
Mouzaîa). It was already collected by Bouchelouche et al. (2015) more than 370 m above sea level in the 
sub-basin of the Soummam (Algérois). This species has been cited by Morton (1905) in Hammam Righa, its 
flight period extends from May to October (Samraoui & Menaï, 1999). 
Orthetrum nitidinerve Selys (1841)  
Localities: C2, C3, B1. 
Low abundance and restricted distribution. Its flight period extends from May to October. This West-
Mediterranean endemic is common in the Maghreb but is classified Vulnerable in South-western Europe 
(Jödicke et al., 2004; Boudot & Kalkman, 2015). 
Crocothemis erythraea (Brullé, 1832)  
Localities: Z1, Z2, D1, B1, M1, M2 
Very low abundance and medium distribution in the area studied. Collected from May to September. Its 
flight period extends from March to November (Samraoui & Menaï, 1999). It is an optional migratory species 
(Suhling et al., 2003) which is common throughout Africa (Jacquemin & Boudot, 1999; Boudot et al., 2009). 
It extends its distribution increasingly northward in Europe (Dijkstra & Lewington, 2006), up to North 
Germany and the Baltic countries but is still very rare in Great-Britain and northern Poland (Boudot & 
Kalkman, 2015). 
Sympetrum fonscolombii (Selys, 1840) 
Localities: D4, B1, B2, M1. 
Very low abundance with a restricted distribution in the area studied, it is located in the slope of the 
hydrosystem. Although its flight period extends from March to November (Samraoui & Menaï, 1999), we 
collected it between June and October. Preferred habitats are lentic habitats like lakes and dams, its life cycle 
can be regulated by the alternation of the dry and wet period (Suhling et al. 2003). 
Trithemis annulata (Palisot de Beauvois 1807) 
Localities: D3, D5, B1, B2, M1, M2. 
Very low abundance and medium distribution. Collected from May to October, its flight period extends 
from April to November (Samraoui & Menaï, 1999). 
DATA ANALYSIS: ODONATA COMMUNITY STRUCTURE 
Fifteen species were collected in the study area, which reflected globally an altitudinal 
gradient; from upstream to downstream of the Mazafran hydrosystem. In the eastern side of our 
study area, the sites of wadi Mouzaîa, Z1 and Z2, respectively with 10 and 11 species, represented 
the richest sites (Tab. III). Conversely, the locality C4 exhibited the lowest specific richness with 
only two species. The values of the specific diversity and equitability (Fig. 2) were high in Z2, 
(H’ = 2.91, E = 0.75) and low in C4 (H’ = 0.86, E = 0.22). In the western side of the hydrosystem, 
B1 showed the highest specific resources with 11 species of Odonates. At the opposite, D5 
indicated the lowest richness with three species. Diversity and equitability were high in B1 
(H’ = 2.97, E = 0.76) and low in D5 (H’ = 1.49, E = 0.38). 
Hierarchical Cluster Analysis (HCA) illustrated the existence of three groups (Fig. 3a). The 
first group (group I) consisted of D5, M1, M2, B1, D4 and B1, the second group (group II) 
encompassed the localities Z1, Z2, C1, D1, D2, E and F, the third group (group III) involved the 
sites A1, A2, C2, C3, C4 and D3. The results of the coupling of these three groups with 
environmental variables suggested that both dissolved oxygen and altitude influenced this 
classification (Fig. 3b). 
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TABLE III 
Spatial Odonata structure variation along Mazafran hydrosystem (2013-2015) 
 
Sites R H'(bit/ind) E 
A1 3 1,50 0,38 
A2 3 1,35 0,34 
Z1 10 2,59 0,66 
Z2 11 2,91 0,75 
E 6 1,98 0,51 
F 5 1,88 0,48 
C1 7 2,24 0,57 
C2 5 1,49 0,38 
C3 5 1,80 0,46 
C4 2 0,86 0,22 
D1 9 2,61 0,67 
D2 5 1,94 0,50 
D3 5 1,83 0,47 
D4 7 2,25 0,58 
D5 3 1,49 0,38 
B1 11 2,97 0,76 
B2 7 2,40 0,61 
M1 7 2,69 0,69 
M2 5 1,96 0,50 
R: Specific Richness, H’: Shannon Index (Diversity), E: Equitability 
 
 
 
 
Figure 2.—Spatial evolution of species richness (R), diversity (H’), and equitability (E). 
(Mazafran hydrosystem , 2013-2015) 
 
The factorial plan F1-F2 of CCA indicated a total inertia of 64.12 % with (F1 = 40.22 % and 
F2 = 23.90 %). The structure obtained emphasized an upstream-downstream gradient in the 
hydrosystem (Fig. 4). The projection of environmental variables on axis 1 identified two groups: 
the variables of the first group (NO3, NH4, PO4, electrical conductivity, water temperature and 
pH), were positively correlated with each other and with axis 1 in its positive part. The variables of 
the second group (riparian vegetation, aquatic vegetation, current speed, altitude and dissolved 
oxygen) were positively correlated with each other but negatively correlated with the variables of 
the first group and axis 1. 
The projection of the sites on the same factorial plan indicated a distribution according to an 
upstream-downstream altitudinal gradient. A first group consisted of M1, M2 and D5 (presence of 
urban, industrial and agricultural pollution, high levels of nutrients, pH relatively high). A second 
group was composed of B2, B1, D4, D1 and C3 (presence of both urban and agricultural 
pollution). A third group included A1, A2, E, F, C1, C2 and C4 (moderate human impact 
compared to sites from both groups before). Finally, a fourth group consisted of Z1 and Z2 
(minimal human impact). These sites are part of the Chréa National Park southeast of Blida. With 
little human impact, they can therefore be considered as reference sites. 
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Figure 3.— a (left graph): hierarchical cluster analysis (HCA) of sites based on presence/absence of 15 species (Ward 
method, squared, distance Euclidian), Mazafran hydrosystem (2013-2015). B (right graph): Variation of dissolved oxygen 
and altitude in the three recognized groups. 
 
 
 
Figure 4.— CCA of “species” and “environmental variables” matrices, total inertia 64.12%. (a): Projections of 
environmental variables. (b): Projections of descriptors (variables) and observation (sites). (c): Correlation between 
environmental variables. (d): Inertia axes. (e): Projections of species. (f): Eigenvalues and inertia of the first two axis (F1 = 
40.22 % and F2 = 23.90 %). Mantel test (rho spearman, p-value = 0.005, α = 0.05). 
 
545 
 
Axis 1, opposed the localities of the eastern part of the hydrosystem to those of the western 
part. Groups 3 and 4 were found on its positive part and groups 1 and 2 were on its negative part. 
Axis 2 provided more information about the projection of localities of the eastern watershed. 
Group 4 was found on its positive part whereas group 3 was found on its negative part. 
DISCUSSION 
The study of the Odonates of the Mazafran hydrosystem during two years has enabled us to 
record 948 adult specimens belonging to 15 species (six Zygoptera and nine Anisoptera). 
The most species-rich sites were Z1 and Z2 on Wadi Mouzaîa with 10 and 11 species, 
including the relatively rare I. pumilio. In Algeria, it is known only from the eastern part of the 
country (Numidia, Guelma and Tebessa) (Samraoui & Menaï, 1999; Samraoui & Corbet, 2000a). 
Besides its well-known pioneer behaviour allowing it to colonize recently created habitats, it is 
known as a species colonizing habitats (quarries, ditches, streams) with specific requirements such 
as shallow water, and sparse vegetation (Cham, 1991; Boudot & Kalkman 2015). During our 
study, it was collected at the sites Z1, Z2 and D1, with an abundance of 9.6 %, 5 % and 4.3 % 
respectively during March and May, while recorded dates in north-eastern Algeria are June and 
October, hinting at multivoltinism (Samraoui & Corbet 2000b). We would add that I. pumilio is 
also present in environments with dense vegetation (Z1 and Z2) and stony substrates (D1). The 
presence of I. pumilio contrasts with the apparent absence of I. graellsii, a common species which 
may have been possibly overlooked. 
The site B1 is also rich with 11 species but has a different diversity compared to wadi 
Mouzaîa. This locality B1 collects water released from the Bou Roumi dam, located upstream on 
wadi Bou Roumi, which may improve water quality. Its odonatofauna was dominated by 
Anisoptera. Other sites of the hydrosystem contained between two and nine species. 
The analysis of the Odonata population structure in the Mazafran hydrosystem showed a clear 
dominance of C. haemorrhoidalis (33.1 %) followed by P. subdilatata (20.5 %). These two 
species are very abundant in the Tellian Atlas (Samraoui & Menaï, 1999); P. subdilatata is a well-
known Maghreban endemic (Samraoui et al., 2010). Anax imperator (11 %) was collected mainly 
in the sites where the anthropogenic impact activity is pronounced (pollution from urban 
wastewater and agricultural fertilizers); this tolerance confirms its euryoecious character (Ferreras-
Romero, 1988). 
Crocothemis erythreae colonizes a wide range of running and standing sunny waters, 
including rice paddies fields and brackish lagoons (Boudot & Kalkman, 2015), including eutrophic 
waterbodies. Its low abundance (0.01 %) in the study sites is unclear as it is rather common 
elsewhere. Trithemis annulata is a ubiquitous species which inhabits a wide range of sunny, slow-
flowing and standing water. It favours warm conditions and is often found in ditches, gravel pits, 
natural lakes, large man-made dams, small basins and sluggish streams and rivers. It has taken full 
advantage of climate warming which favoured its fast-northward expansion throughout the whole 
Iberian Peninsula and French Mediterranean region between 1978 and 1994 (Bonet Betoret, 2000; 
Boudot & Kalkman, 2015). At the Mazafran hydrosystem, it was found at the low altitude sites 
with a scant abundance of 0.03 %. 
Coenagrion caerulescens, with an abundance of 8.63 % was collected at sites located at 
altitudes between 370 m and 520 m. in sites where vegetation is abundant. It is a West-
Mediterranean endemic (Riservato et al., 2009). 
According to previous knowledge (Samraoui & Corbet 2000b), the usual flight period of the 
majority of the species recorded during this study extends from March to October. We found that 
the flight period might extend to December for some species such as C. haemorrhoidalis, P. 
subdilatata and O. chrysostigma. 
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Hierarchical cluster analysis highlighted the similarity between the sites of groups II and III, 
which is explained by the high number (four) of shared species. Additionally, we found that sites 
belonging to group II are located upstream with an altitude between 350 m and 550 m and harbour 
a diverse and dense vegetation consisting mainly of Cedar, Cork Oak, Thuja, Aleppo Pine, Olive 
trees, Tamarisk, Oleander, Rush, Dill and Papyrus. Such complex vegetation assemblage and 
structure is known to provide diverse habitats favouring a higher odonates diversity (Buchwald, 
1992), that is why the majority of our specimens were caught in the surrounding vegetation. 
Orthetrum coerulescens, associated with streams and ditches with moderately dense or no 
vegetation (Boudot & Kalkman 2015) was surprisingly collected in sites such as Z1 and Z2. 
The current speed, pH, dissolved oxygen and water temperature also influence the 
distribution of odonata communities which in turn can be used locally to characterize the 
environment where they are found. Besides, the local coupling of the environmental variables to 
the groups resulting from the Hierarchical Classification seems to indicate that dissolved oxygen 
(p = 0.03) and altitude (p = 0.003) might influence the Odonata species richness in the sites 
studied. An alternative and more plausible explanation may stem from the severe habitat 
degradation affecting the downstream part of the Mazafran watershed. The canonical 
correspondence analysis revealed strong positive correlations between elevation and dissolved 
oxygen (p = 0.003), altitude and riparian forest (p = 0.004), dissolved oxygen and the flow 
velocity (p = 2.9e-05). On the contrary, strongly negative associations were observed between 
dissolved oxygen and water temperature (p = 0.0007), [PO4] (p = 0.0004), [NH4] (p = 4.85e-06) and 
conductivity (p = 0.002). A negative association was observed between velocity and Orthetrum 
cancellatum (p = 0.04), which according to Boudot (2008) occupies standing and low-flowing 
waters of major rivers, which gives it an opportunistic behaviour. Instead, Chalcolestes viridis was 
positively associated with high altitudes (p = 5.12e-05) and riparian vegetation (p = 0.03), as this 
species prefers aquatic habitats surrounded by trees and bushes with soft cork in which females 
insert their eggs (Grand & Boudot, 2006). It disappears with deforestation, which explains its 
absence in degraded areas. The results also show a positive relationship between nutrients (NO3, 
NH4 and PO4) (p = [0.02-0.05]), O. nitidinerve and O. chrysostigma which display locally similar 
ecology (Boudot, 2008).  
One missing species in our sampling is Trithemis kirbyi recorded by Samraoui at the 
Mazafran (Boudot et al., 2009) and known to have expanded northward its range in Algeria and 
elsewhere (Boudot & Kalkman 2015; Brouwer 2016; Yalles Satha & Samraoui 2017). Kolbe 
(1885) and Mclachlan (1897) also reported the presence of species that we have not identified 
during our sampling campaigns. Kolbe (1885) captured Calopteryx exul, Gomphus lucasii and 
Onychogomphus uncatus in the eastern part of the area studied. The first two species are 
Maghreban endemics and classified by IUCN as Endangered and Vulnerable, respectively 
(Samraoui et al. (2010). Ischnura lamellata, a junior synonym of Ischnura elegans (Lieftinck, 
1966; Schmidt 1967), was said to have been found between Blida and Médéa (eastern part of our 
area) by Kolbe (1885). As Ischnura elegans doesn't pertain to the Maghreban Odonatofauna, this 
record is ascribed to a labelling error, the right locality being the Eastern Pyrenees (Schmidt 1967). 
The same applies also to other non-Maghreban species reported by Kolbe (1885) from the same 
area (Platycnemis subdilatata and its junior synonym P. algira) (Schmidt 1967). McLachlan 
(1897) collected Lestes virens in Médéa. Considering the bioindicator character of Odonates 
(Oertli et al., 2005; Oertli, 2008; Remsburg & Turner, 2009; De Paiva Silva et al., 2010), the 
absence of these species during our study and the previous record of T. kirbyi at Mazafran, could 
safely be related to environmental changes such as water pollution and alteration of river bed 
structure, and, to a lesser extent, climate change. 
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CONCLUSION 
This study indicates the existence of a strong upstream/downstream gradient with severe 
habitat degradation at low altitudes reflected by low Odonata richness and diversity and the 
apparent absence of many species (Calopteryx exul, Gomphus lucasii, Onychogomphus uncatus) 
known from the area. Noteworthy is the presence of Ischnura pumilio which is relatively rare in 
Algeria and Tunisia. The flight period of a number of species (C. haemorrhoidalis, P. subdilatata 
and O. chrysostigma) was found to extend till December. 
Results show that Odonata species richness and diversity were mainly associated to altitude, 
dissolved oxygen and density of the riparian vegetation, that are linked to the less impacted 
habitats prevailing in headwater courses and the severe degradation of the lower river stretches. As 
was found across the country, the establishment of restoration schemes for Algerian watercourses 
is urgently required (Bouchelouche et al., 2015; Hafiane et al., 2016). 
ACKNOWLEDGMENTS 
We are most grateful to two anonymous referees for their helpful comments. We would like to thank ANRH (Agence 
Nationale des Ressources Hydrauliques) and ONA (Office National de l’Assainissement) for providing us with data 
relating to the area studied. This research was supported in part by the Algerian Ministère de l’Enseignement Supérieur et 
de la Recherche Scientifique. 
REFERENCES 
BONET BETORET, C. (2000).— Expansión de Trithemis annulata en Europa en los años 80 y 90 (Odonata). Boletín de la S. 
E. A., 27: 85-86.  
BOUCHELOUCHE, D., KHERBOUCHE-ABROUS, O., MEBARKI, M., ARAB, A. & SAMRAOUI, B. (2015).— The Odonata of 
wadi Isser (Kabylia, Algeria): Status and environmental determinants of their distribution. Rev. Ecol. (Terre Vie), 
70: 248-260. 
BOUDOT, J.P., KALKMAN, V.J., AZPILICUETA AMORÍN, M., BOGDANOVIĆ, T., CORDERO RIVERA, A., DEGABRIELE, G., 
DOMMANGET, J.L., FERREIRA, S., GARRIGÓS, B., JOVIĆ, M., KOTARAC, M., LOPAU, W., MARINOV, M., 
MIHOKOVIĆ, N., RISERVATO, E., SAMRAOUI, B. & SCHNEIDER, W. (2009).— Atlas of the Odonata of the 
Mediterranean and North Africa. Libellula, Suppt. 9: 1-256. 
BOUDOT, J.P. (2008).— Selysiothemis nigra (Vander Linden, 1825), nouveau pour le Maroc, et autres observations sur les 
Odonates du Maghreb nord-occidental (Odonata: Anisoptera: Libellulidae). Martinia, 24: 3-29. 
BOUDOT, J.P. (2010).— Spécificités du peuplement en Odonates du nord de l’Afrique et observations récentes d’espèces 
remarquables (Insecta: Odonata). Martinia, 26: 109-122. 
BOUDOT, J.P. & DE KNIJF, G. (2012).— Nouvelles données sur les Odonates du Maroc oriental et méridional 
(Odonata). Martinia, 28: 1-28. 
BOUDOT, J.-P. & KALKMAN, V.J. (eds) (2015).— Atlas of the European dragonflies and damselflies. KNNV publishers, the 
Netherlands. 
BROUWER, P. (2016).— Trithemis kirbyi near the Spanish-French border. Boletín Rola, 8: 5-8. 
BUCHWALD, R. (1992).— Vegetation and dragonfly fauna – Characteristics and examples of biocenological field studies. 
Vegetatio, 101: 99-107. 
BUTLER, R.G. & DEMAYNADIER, P.G. (2008).— The significance of littoral and shoreline habitat integrity to the 
conservation of lacustrine damselflies (Odonata). Insect Conserv. 12: 23-36. 
CHAM, S.A. (1991).— The scarce blue-tailed damselfly, Ischnura pumilio (Charpentier) - its habitat preferences in south-
east England. J. Br.Dragonfly Soc., 7: 18-25. 
CORBET, P.S. (1999).— Dragonflies: Behaviour and biology of Odonata. Harley Books, Colchester. 
DIJKSTRA, K.-D.B. & LEWINGTON, R. (2006).— Field guide to the dragonflies of Britain and Europe. British Wildlife 
Publishing, Dorset. 
DE PAIVA SILVA, D., DE MARCO, P., RESENDE, D.C. (2010).— Adult Odonate abundance and community assemblage 
measures as indicators of stream ecological integrity: a case study. Ecol. Indic., 10: 744-752. 
DUMONT, H.J. (2007).— Odonata from the Mouydir Plateau (North Central Sahara, Algeria). Bull. Annls. Soc. R. Belge 
Ent., 143: 164-168.  
548 
 
FERREIRA, S., VELO-ANTÓN, G., BROCHARD, C., VIEIRA, C., ALVES, P.C., THOMPSON, D.J., WATTS, P.C. & BRITO, J.C. 
(2014).— A critically endangered new dragonfly species from Morocco: Onychogomphus boudoti sp. nov. 
(Odonata: Gomphidae). Zootaxa, 3856: 349-365. 
FERRERAS-ROMERO, M. (1988).— New data on the ecological tolerance of some rheophilous Odonata in Mediterranean 
Europe (Sierra Morena, Southern Spain). Odonatol., 17: 121-126. 
FERRERAS-ROMERO, M., MARQUEZ-RODRIGUEZ, J. & RUIZ-GARCIA, A. (2009).— Implications of anthropogenic 
disturbance factors on the Odonata assemblage in a Mediterranean fluvial system. Int. J. Odonatol., 12: 413-428. 
GRAND, D. & BOUDOT, J.-P. (2006).— Les libellules de France, Belgique et Luxembourg. Biotope/Coll. Parthénope, Mèze. 
HADJOUDJ, O., BENSEMMANE, R., SAOUD, Z. & REGGABI, M. (2014).— Pollution des eaux souterraines de la Mitidja par 
les nitrates : état des lieux et mesures correctives. Eur. J. Water Qual., 45: 57-68. 
HAFIANE, M., HAMZAOUI, D., ATTOU, F., BOUCHELOUCHE, D., ARAB, A., ALFARHAN, A.H. & SAMRAOUI, B. (2016).— 
Anthropogenic impacts and their influence on the spatial distribution of the Odonata of wadi El Harrach (North-
Central Algeria). Rev. Ecol. (Terre Vie), 71: 239-249. 
JACQUEMIN, G. & BOUDOT, J.-P. (1999).— Les libellules (Odonates) du Maroc. Société Française d’Odonatologie, Bois 
d’Arcy, France. 
JÖDICKE, R., ARLT, J., KUNZ, B., LOPAU, W. & SEIDENBUSCH, R. (2000).— The Odonata of Tunisia. Int. J. Odonatol., 3: 
41-71. 
JÖDICKE, R., BOUDOT, J. P., JACQUEMIN, G., SAMRAOUI, B. & SCHNEIDER, W. (2004).— Critical species of Odonata in 
northern Africa and the Arabian Peninsula. Int. J. Odonatol., 7: 239-253. 
KOLBE, H.J. (1885).— Beitrag zur Kenntniss der Pseudoneuroptera Algeriens und der Ostpyrenäen. Berliner Entomol. Z., 
29: 151-157. 
LACROIX, J.L. (1925).— Quelques névroptères (sens. lat.) d’Afrique. Bull. Soc. Hist. Nat. Afrique du Nord, 16: 258-263. 
LE ROI, O. (1915).— Odonaten aus der Algerischen Sahara von der Reise von Freiherrn H. Geyr von Schweppenburg. Mit 
einer Übersicht der Nordafrikanischen Odonaten-Fauna. Dtsc. Entomol. Z., 1915: 609-634. 
LIEFTINCK, M.A. (1966).— A survey of the dragonfly fauna of Morocco (Odonata). Bull. Inst. r. sci. nat. Belg., 42: 1-63.  
MEDIANI, M., BOUDOT, J.-P., CHEVALIER, F., QNINBA, A. & RODRIGUES, J.C.C., (2014).— Nouvelles données sur les 
Odonates dans le Grand Sud marocain, avec Ischnura saharensis, Anax parthenope, Crocothemis erythraea et 
Trithemis annulata nouveaux pour le Sahara Atlantique (Odonata: Coenagrionidae, Aeshnidae, Libellulidae). 
Martinia, 30: 11-22.  
MCLACHLAN, R. (1897).— Odonata collected by the Rev. A.E. Eaton in Algeria: with annotations. Entomol. Mon. Mag., 8: 
152-157.  
MOORE, N.W. (1997).— Dragonflies: status survey and conservation Action Plan. IUCN/SSC Odonata Specialist Group. 
IUCN, Gland, Switzerland and Cambridge, UK. 
MORTON, K.J. (1905).— Odonata collected by Miss Margaret E. Fountaine in Algeria, with description of a new species of 
Ischnura. Entomol. Mon. Mag., 41: 145-149. 
OERTLI, B. (2008).—The use of dragonflies in the assessment and monitoring of aquatic habitats. Pp 79-95 In: A. Córdoba-
Aguilar (ed.). Dragonflies: model organisms for ecological and evolutionary research. Oxford University Press, 
Oxford. 
OERTLI, B., BIGGS, J., CEREGHINO, R., GRILLAS, P., JOLY, P. & LACHAVANNE, J.B. (2005).— Conservation and monitoring 
of pond biodiversity: introduction. Aquat. Conserv. Mar. Freshw. Ecosyst., 15: 535-540. 
R DEVELOPMENT CORE TEAM (2015).— R: A language and environment for statistical computing. Vienna, Austria. 
REMSBURG, A.J., OLSON, A.C. & SAMWAYS, M.J. (2008).— Shade alone reduces adult dragonfly (Odonata: Libellulidae) 
abundance. J. Insect Behav., 21: 460-468. 
REMSBURG, A.J. & TURNER, M.G. (2009).— Aquatic and terrestrial drivers of dragonfly (Odonata) assemblages within and 
among north-temperate lakes. J. North Am. Benthol. Soc., 28: 44-56. 
RIS, F. (1909-1913).— Catalogue systématique et descriptif des collections zoologiques du Baron Edm. De Sélys 
Longchamps. Libellulinen. Bruxelles. 
RISERVATO, E., BOUDOT, J.P., FERREIRA, S., JOVIC, M., KALKMAN, V. J., SCHNEIDER, W., SAMRAOUI, B. & CUTTELOD, A. 
(2009).— Statut de conservation et répartition géographique des Libellules du Bassin Méditerranéen. UICN, 
Gland, Switzerland et Malaga, Spain. 
SAMRAOUI, B. (2009).— Seasonal ecology of Algerian Lestidae (Odonata). Int. J. Odonatol., 12: 383-394. 
SAMRAOUI, B., BOUDOT, J.-P., RISERVATO, E., FERREIRA, S., JOVIC, M., KALKMAN, V.J. & SCHNEIDER, W. (2010).— The 
status and distribution of dragonflies. Pp. 51-70 In: N. Garcia, A. Cuttelod & D. Abdul Malak (eds). The status 
and distribution of freshwater biodiversity in Northern Africa. IUCN, Gland, Switzerland, Cambridge, UK and 
Malaga, Spain. 
SAMRAOUI, B., BOUZID, S., BOULAHBAL, R. & CORBET, P.S. (1998).— Postponed reproductive maturation in upland 
refuges maintains life-cycle continuity during the hot, dry season in Algerian dragonflies. Int. J. Odonatol., 1: 
119-135. 
549 
 
SAMRAOUI, B. & CORBET, P.S. (2000a).— The Odonata of Numidia. Part I: status and distribution. Int. J. Odonatol., 3: 11-
25. 
SAMRAOUI, B. & CORBET, P.S. (2000b).— The Odonata of Numidia. Part II: Seasonal ecology. Int. J. Odonatol., 3: 27-39. 
SAMRAOUI, B. & MENAÏ, R. (1999).— A contribution to the study of Algerian Odonata. Int. J. Odonatol., 2: 145-165. 
SAMRAOUI, B., WEEKERS, P.H.H. & DUMONT, H.J. (2003).— Two taxa within the North African Lestes virens complex. 
Odonatol., 32: 131-142. 
SCHMIDT, E. (1967).— Versuch einer Analyse der Ischnura elegans-Gruppe (Odonata, Zygoptera). Entomol. Tidskr., 88: 
188-225. 
SCHÜTTE, C. & SCHRIMPF, I. (2002).— Explaining species distribution in running water systems: larval respiration and 
growth of two Calopteryx species (Odonata, Zygoptera). Arch. Hydrobiol., 153: 217-229. 
SELYS-LONGCHAMPS, E. (1849).— Les Libelluliens. Pp. 115-135 In: H Lucas (ed.), Exploration scientifique de l’Algérie. 
3e partie: Animaux articulés. Quatrième ordre. Les Neuroptères. Troisième famille. 
SELYS-LONGCHAMPS, E. (1865).— Odonates d’Algérie. Bull. Acad. Hipp., 1: 31-34. 
SELYS-LONGCHAMPS, E. (1866).— Additions aux Odonates d’Algérie. Bull. Acad. Hipp., 2: 40-41. 
SELYS-LONGCHAMPS, E. (1871).— Nouvelle révision des Odonates de l’Algérie. Annls. Soc. Ent. Belg., 14: 9-20. 
SELYS-LONGCHAMPS, E. (1902).— Odonates d’Algérie recueillis en 1898 par M. le professeur Lameere. Annls. Soc. Ent. 
Belg., 46: 430-431. 
SUHLING, F., JÖDICKE, R. & SCHNEIDER, W. (2003).— Odonata of African arid regions – Are there desert species? 
Cimbebasia, 18: 207-224. 
YALLES SATHA, A. & SAMRAOUI, B. (2017).— Environmental factors influencing odonata communities of three 
Mediterranean rivers : Kebir-East, Seybouse, and Rhummel wadis, northeastern Algeria. Rev. Ecol. (Terre Vie), 
72: 314-329. 
